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The range of temperature measurements have been significantly extended for an existing 
space environment simulation test chamber used in the study of electron emission, sample 
charging and discharge, electrostatic discharge and arcing, electron transport, and 
luminescence of spacecraft materials.   This was accomplished by incorporating a new 
two-stage, closed-cycle helium cryostat which has an extended sample temperature range 
from <30 K to >450 K, with long-term controlled stability of <0.5 K. The system was 
designed to maintain compatibility with an existing ultrahigh vacuum chamber (base 
pressure <10-7 Pa) that can simulate diverse space environments. These existing 
capabilities include controllable vacuum and ambient neutral gases conditions (<10-8 up to 
10-1 Pa), electron fluxes (5 eV to 30 keV monoenergetic, focused, pulsed sources over 10-4 
to 1010 nA-cm-2), ion fluxes (<0.1 to 5 keV monoenergetic sources for inert and reactive 
gases with pulsing capabilities), and photon irradiation (numerous continuous and pulsed 
monochromated and broad band IR/VIS/UV [0.5 to 7 eV] sources).  The new sample mount 
accommodates 1 to 4 samples of 1 cm to 2.5 cm diameter in a low temperature carousel, 
which allows rapid sample exchange and controlled exposure of the individual samples.  
Custom hemispherical grid retarding field analyzer and Faraday cup detectors, custom 
high speed, high sensitivity electronics, and charge neutralization capabilities used with 
<50 pA, <5 μs, <3·103 electrons/pulse pulsed-beam sources permit high-accuracy electron-
emission measurements of extreme insulators with minimal charging effects.  In situ 
monitoring of surface voltage, arcing, and luminescence (250 nm to 5000 nm) have recently 
been added. 
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Instrumentation (Not Shown) 
  Data Acquisition System 
  Temperature Controller 
  Electron Gun Controller 
  Electrometer 
  Oscilloscope 
 
Analysis Components 
K UV/Vis/NIR Reflectivity Spectrometers 
L  CCD Video Camera (400-900 nm) 
M InGaAs Video Camera (800-1200 nm) 
N  InSb Video Camera (1000-5000 nm) 
O  SLR CCD Camera (300-800 nm) 
P   Fiber Optic Discrete Detectors 
Q  Collection Optics 
 
 
 
Radiation Sources 
A Electron Gun 
Chamber Components 
R   Multilayer Thermal Insulation 
S   Cryogen Vacuum Feedthrough 
T   Electrical Vacuum Feedthrough 
U   Sample Rotational Vacuum Feedthrough 
V   Turbomolecular/Mech. Vacuum Pump 
W  Ion Vacuum Pump 
X   Ion/Convectron Gauges – Pressure  
Y   Residual Gas Analyzer – Gas Species 
Sample Mount 
B  Sample Pedestal 
C  Sample 
D Sample Mount 
E  Sample Mask Selection Gear 
F  Interchangeable Sample Holder 
G  In situ Faraday Cup 
H Spring –Loaded Electrical Connections 
I   Temperature Sensor 
J   Radiation Shield 
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Experimental test chamber.  (a)  Chamber exterior view with cutaway showing the various analysis components lines of 
sight, the electron gun is positioned on axis with the sample plane.  (b)  Cryostat chamber mount, showing the electron 
beam trajectory (red).  (c) Cutaway view of cryostat showing the first stage radiation shroud and second low temperature 
stage with sample mount and pedestal (red).   
 
 
Cryostat connected to the electron emission test chamber. 
 
View of cryostats second stage sample pedestal and 
interchangeable sample holder which attaches to the 
cryostat. Shown is a sample holder for four 1 cm 
diameter samples and a central Faraday cup and for a 
single 2.5 cm diameter sample. 
D B 
H 
F 
G 
E C 
J 
C 
R 
Interchangeable sample holder with four 1 cm 
samples attached to the sample mount. 
Sample selection gear controlled using an external 
rotation translation (U).  The gear/sample mask to 
access the Faraday cup (G) and one of four 1 cm 
diameter samples is shown. 
Face plate with a 2.5 cm diameter sample mounted. 
Note radiation blanket wrapped around first stage 
radiation shield (J) of cryostat. 
Typical sample stage cooling and sample heating curves, 
with multiple sustained temperatures shown during 
heating cycle. 
CCD video camera images (a) Timing light frame showing the sample location to be observed.  (b) 293 K data with 
electron beam on sample.  (c) 40 K data with electron beam on sample.  (d) 40 K data with electron beam on 
sample showing an arc event. 
A closed-cycle helium cryostat has been added to the space environment simulation 
chamber to extend the operational temperatures for sample testing. With the addition of 
a relatively large mass radiation shield (J) attached to the cryostats first stage which 
has a thermal load capacity of ~10 W and a sample mounting stage attached to the 
cryostats second stage with a thermal load capacity of ~1 W, maintaining 40 K at the 
sample proved to be a challenge.  Due to the radiative heat transfer from the chamber 
walls, the addition of a multilayer thermal insulation blanket (R) wrapped around the first 
stage radiation shield (J) was needed.  This blanket consists of five sheets of thin 
conducting material separated by a thin mesh of insulating material.  This effectively 
reduced the radiative heat transfer from the chamber walls to the first stage radiation 
shield (J) allowing a temperature of 80 K to be reached and sustained indefinitely. 
The sample mount (D) has been designed to allow for multiple sample holders to be 
replaced quickly with the use of spring loaded, electrically isolated electrode connectors 
(H).  The sample stage has a large wiring cavity to help isolate the electrical connections 
in addition to allowing room for bulk and control heaters to be installed for precise 
temperature control.  Four 1 cm samples can be installed with an optional in situ Faraday 
cup (G) in the center location allowing for real-time monitoring of electron beam current.  
Using this configuration a sample mask selection gear (E) coupled to an external rotation 
translation feedthrough (U) allows masking of the samples not being tested which helps 
mitigate potential sample charging of these samples.  When larger samples need to be 
tested an additional 1 inch sample holder can be attached to the sample mount (D). 
To highlight the capabilities of the low temperature cryostat incorporated into the 
space environment simulation test chamber, we present data from a study of the 
temperature dependence of electron-induced luminescence and arcing from 
spacecraft materials.  With the various imaging detectors all focused at the 
sample , a wide range of spectral analysis is possible [4].  Operation in a closed 
chamber in a dark room makes it possible to measure very low intensity sources.  
 An example of this is shown in still frames captured with a CCD video 
camera.  Figure (a) above shows a 1 cm sample, which is illuminated using a dim 
fiber optic timing light to show the region to be exposed to the electron flux.  
Figures (b) and (c) show a comparison of the effect temperature has on this 
material; the glow at 293 K is hardly detected with this imaging camera, but as the 
temperature is decreased to 40 K intensity increases and a prominent glow is 
clearly evident.  If enough charge is built up in the material arc events were 
observed where the charge in the sample found a conduction path to the edge of 
the grounded sample holder (F).  The very intense optical signature of the arc has 
been captured in a video frame shown in Figure (d). 
  Figure below shows simultaneous measurements from an arc event as 
recorded by the electrometer and CCD camera.  Here a constant current density of 
1 nA/cm2 was incident on the 1 cm sample and at ~91 s elapsed time the sample 
current spiked to over 40 nA.  Additional measurements from a digital storage 
oscilloscope showed that these arcs were typically less than 1 µs in duration.  The 
image from the CCD video camera provides optical confirmation of the electrical 
(d) (c) (b) (a) 
Measured signatures of arcing.  (a) Electrometer 
current data.  (b) CCD Vis/NIR video camera 
integrated sample intensity data showing the 
increase in spectral radiance due to the arc event 
(surface glow data shown in green, edge glow data 
shown in red). 
(a) 
(b) 
signature and provides additional 
information about the spatial location of 
the arc; note the currents from the 
central region of the sample and from 
the sample edge region are measured 
independently. 
